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[bookmark: _Ref54129494]Introduction

In RANP#86, a study item on support of NB-IoT and eMTC over NTN was approved [1], with the following objectives related to necessary specification changes for NB-IoT and eMTC:
This Study will evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC according to the following objectives. 
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]
NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
This document considers timing relationships for eMTC over NTN. The following timing relationships are considered:
· MPDCCH to PDSCH
· PDSCH to PUCCH
· MPDCCH to PUSCH
· PDSCH to PUCCH when the UE does not have a valid GNSS measurement

Note that while examples in this Tdoc mainly refer to eMTC, the issues and techniques considered are equally applicable to NB-IoT.

Timing Advance
Timing advance serves two main purposes:
· Ensures that UL signals arrive within the cyclic prefix to reduce intersymbol interference
· Simplify eNB scheduling by maintaining the timing relationships between physical channels
 
Timing advance needs to account for the propagation delay between the eNB and the UE. Large propagation delays are possible in IoT-NTN due to the large propagation distances between the UE and satellite and between the satellite and eNodeB. A further source of propagation delay arises due to the large cell radius / beam footprint that is supported in NTN deployments. Typical maximum expected round trip times for different IoT-NTN constellation scenarios were agreed in RAN1#103e and are captured in Table 1.
[bookmark: _Ref61908741]Table 1 – Maximum round trip delays for IoT-NTN constellations
	Scenario
	RTT

	GEO
	541.46ms

	LEO-600
	25.77ms

	LEO-1200
	41.77ms



Figure 1 illustrates the principle of timing advance in E-UTRA (i.e. in eMTC and NB-IoT). The UE needs to timing advance its UL transmissions by twice the propagation delay, Tprop, in order to ensure that the UE’s transmissions are aligned with the eNB’s timing. In a “normal” terrestrial cell, the timing advance values are quite small, leading to a compression in the timing between the DL and associated UL transmissions, where this timing compression can be handled within the processing capability of the UE.

[image: ]
[bookmark: _Ref61910754]Figure 1 – Timing advance in E-UTRA
Figure 2 illustrates the problem with straightforwardly (and incorrectly) applying timing advance to very large cells. In this figure, in order to maintain the timing at the eNB, the UE’s transmission has to be timing advanced a long way forward. In the example shown, the UE’s transmissions are timing advanced to the extent that the PUCCH response to a PDSCH transmission has to be sent by the UE before the UE receives the PDSCH. This is clearly impossible.
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[bookmark: _Ref61911714]Figure 2 - Timing advance incorrectly applied to very large cells

The solution to the problem illustrated in Figure 2 is to extend the timing relationship between physical channels by an amount Koffset, as shown in Figure 3. The figure shows the timing relationship between PDSCH and PUCCH and that, in this case, a Koffset value of 6 is applied, meaning that PUCCH is transmitted by the UE 6 subframes later than in the legacy case and is received by the eNB 6 subframes later than the legacy case. The Koffset value should be chosen to allow for a reasonable processing time at the UE (or eNB) between physical channels. The Koffset value will change the timing between physical channels at the eNB, but the change in timing can be accounted for by scheduler implementation. 
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[bookmark: _Ref61913488]Figure 3 - Timing between physical channel extended by an amount Koffset to account for very large cells

Proposal 1: The timing relationship between certain physical channels is extended by Koffset subframes in order to enable operation in IoT-NTN cells with large propagation delays.
[bookmark: _GoBack]The Koffset value can either be explicitly signaled by the eNB to the UE or the UE can implicitly determine the Koffset to apply based on knowledge of propagation delays or common timing offsets applied in the cell if broadcasted by the eNB.
Proposal 2: RAN1 selects between the following options for determining Koffset:
· Koffset is explicitly signaled to the UE
· UE implicitly determines Koffset value based on other cell parameters, such as a common timing offset if broadcasted by the eNB

MPDCCH to PDSCH timing relationship
The MPDCCH to PDSCH timing relationship is purely a downlink to downlink timing relationship. Hence, a Koffset value does not need to be applied to this timing relationship and the legacy Rel-16 timing relationship used for terrestrial eMTC / NB-IoT applies.
Proposal 3: The legacy Rel-16 timing relationship is applied between MPDCCH and PDSCH.

MPDCCH to PUSCH timing relationship
The MPDCCH to PUSCH timing relationship is a downlink to uplink timing relationship and a Koffset value needs to be applied to the MPDCCH to PUSCH timing relationship.
Proposal 4: The MPDCCH to PUSCH timing relationship is extended by Koffset subframes.
Note that a Koffset value should also apply to the time between a RAR and a PUSCH allocated by the RAR.
Proposal 5: The RAR to PUSCH timing relationship is extended by Koffset subframes.
The timing relationship between MPDCCH and PUSCH when Koffset is applied is shown in Figure 4. Note: for the sake of simplicity and clarity, the figure shows a smaller Koffset value than would be applied in a deployed IoT-NTN system.
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[bookmark: _Ref61916551]Figure 4 - MPDCCH to PUSCH timing relationship with Koffset applied
PDSCH to PUCCH timing relationship
The PDSCH to PUCCH timing relationship is a downlink to uplink timing relationship and a Koffset value needs to be applied to the PDSCH to PUCCH timing relationship.
Proposal 6: The PDSCH to PUCCH timing relationship is extended by Koffset subframes.
The timing relationship between MPDCCH and PUSCH when Koffset is applied is shown in Figure 3. Note: for the sake of simplicity and clarity, the figure shows a smaller Koffset value than would be applied in a deployed IoT-NTN system.
Allowing time for UE to perform a GNSS measurement
A UE that is in a DRX / eDRX mode of operation monitors MPDCCH that may allocate a PDSCH with an associated PUCCH. Since the UE does not know whether it will be scheduled or not, it is wasteful of battery resources if the UE has to have a valid GNSS measurement prior to the DRX_ON location just in case the UE is scheduled with DL data. It is hence preferable if the UE can make a GNSS measurement once it has received MPDCCH / PDSCH. Allowing time to perform a GNSS measurement would delay the transmission of the PUCCH that is associated with the MPDCCH / PDSCH. 
This scenario is illustrated in Figure 5. The figure shows that at DRX_ON period “A”, the UE is not allocated MPDCCH / PDSCH. The UE did not make a GNSS measurement prior to “A” as it did not know whether it would be scheduled or not and by not making a GNSS measurement “just in case”, the UE did not unnecessarily use power. At DRX_ON period “B”, the UE is actually allocated PDSCH for which there is an associated PUCCH. Since the UE does not have a recent GNSS measurement, the UE delays transmission of the PUCCH by a time DT2 in order to make a GNSS measurement. Based on the GNSS measurement, the UE is able to correctly timing advance and frequency compensate the PUCCH transmission.
This figure shows the power saving that is possible in the power consumption profile at the base of the figure: the UE does not need to expend power making GNSS measurements before DRX_ON periods, such as “A” and “C” in which it is not scheduled.
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[bookmark: _Ref61918092]Figure 5 - UE delays PUCCH transmission to perform GNSS measurement
Hence, when the UE is scheduled and it does not have a valid GNSS measurement, the UE should be able to extend the timing relationship between PDSCH and PUCCH by a time that is sufficient to perform a GNSS measurement.
Proposal 7: When the UE is scheduled PDSCH and does not have a valid GNSS measurement, the timing relationship between PDSCH and PUCCH is extended by a time that is sufficient to perform a GNSS measurement.

[bookmark: _Hlk47387515]Conclusions
This document has considered the timing relationship enhancements that are required for IoT-NTN. The document makes the following proposals:
Proposal 1: The timing relationship between certain physical channels is extended by Koffset subframes in order to enable operation in IoT-NTN cells with large propagation delays.
Proposal 2: RAN1 selects between the following options for determining Koffset:
· Koffset is explicitly signaled to the UE
· UE implicitly determines Koffset value based on other cell parameters, such as a common timing offset if broadcasted by the eNB


Proposal 3: The legacy Rel-16 timing relationship is applied between MPDCCH and PDSCH.
Proposal 4: The MPDCCH to PUSCH timing relationship is extended by Koffset subframes.
Proposal 5: The RAR to PUSCH timing relationship is extended by Koffset subframes.
Proposal 6: The PDSCH to PUCCH timing relationship is extended by Koffset subframes.
Proposal 7: When the UE is scheduled PDSCH and does not have a valid GNSS measurement, the timing relationship between PDSCH and PUCCH is extended by a time that is sufficient to perform a GNSS measurement.
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